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Abstract
Aims-To examine the influence of age on the prediction-of sudden death after acute myocardial infarction based on heart rate variability (HRv), left ventricular ejection fraction (LVEF), and the frequency of ventricular extrasystoles.
Background-Autonomic and left ventricular function and the frequency of ventricular extrasystoles change with age but the influence of age on the prediction of sudden death from these variables has not been examined.
Methods-The 477 patients who had been through an early postinfarction risk stratification protocol and followed up for a mean of 790 days were dichotomised at 60 years of age.
Results-Sudden deaths occurred with similar frequency in both age groups (12 (4 7%) of the 256 patients aged < 60 years and seven (3'2%) of the 221 older patients). Sudden death, however, accounted for 52% of all deaths in the young group but only 18-4% of all deaths in the older group (p < 0-01). An HRv index of <20 units combined with an average of more than 10 ventricular extrasystoles an hour on Holter monitoring (VE10) had a sensitivity of 50%, a positive predictive accuracy of 33%, and a risk ratio of 18 in the young group (p < 0-001) but was not significantly predictive in older patients. The situation was similar when the combination of an LVEF <40% with VE10 was considered. This combination had a sensitivity of 44%, positive predictive accuracy of 36-4%, and a risk ratio of 16-1 in young patients (p < 0'001), but was not significantly predictive in older patients. The combination of VE10 with either LVEF <40% or HRv <20 units gave a sensitivity of 75%, positive predictive accuracy of 30%, and a risk ratio of 30 in young patients (p < 0 001), but the relation between this combination and sudden death in older patients was not statistically significant.
Conclusion-In postinfarction patients aged < 60 sudden death was a more predominant mode of death and was more reliably predicted from a depres- All patients were followed up in a special infarct clinic. Follow up visits were made three to four weeks after discharge from hospital, then at three months, and subsequently every year or more frequently when clinically indicated. Treatment was at the discretion of predicted in younger than in older postinfarction patients by heart rate variability, frequency of ventricular extrasystoles, and to a lesser extent the left ventricular ejection fraction. Ourfirst finding is consistent with previous reports. Vismara et a125 who found that 36% of the deaths in postinfarction patients aged under 50 years but only 16% of the deaths in older patients were sudden. According to Daly et al 46% of deaths in 551 young men who survived unstable angina or acute myocardial infarction were sudden and the proportion of sudden deaths was inversely related to age at initial attack.26
The rates of sudden death (4%, 5 4%, and 4 5%) in our study and in the MILIS and BHAT studies are similar.' 2 The higher proportion of patients with VE10 in our study (22%), however, compared with 15% and 13% reported by the MILIS and BHAT studies may be due to differences between the studies in criteria for patient recruitment, in the timing of Holter monitoring, and in the proportion of older patients.' 2 The positive predictive accuracy of VE10 for sudden death in the present study of 8-6% was, nevertheless, close to the 10% and 9% reported by the MILIS and BHAT studies.' 2 The BHAT study found a direct relation between the frequency of ventricular extrasystoles and age; but the implications of this finding for risk stratification were not considered. 3 We found VElO to be a more reliable predictor of sudden death in the younger patients (table 3) . The combination oflow HRv with VE10 was present in 8-5% of our patients and was also a much better predictor in the younger group (table 3 ).
An LVEF <40% had a positive predictive accuracy for sudden death of 6-2% in our study and of 10% in the MILIS study.' In a report in 1977 by Schulze et al,27 55% of the patients (compared with 26% in our study) had an LVEF <40%, a finding that had a positive predictive accuracy of 18%. In the study by Schulze et al all the sudden deaths occurred in patients with an LVEF <40%. But a rate of 14-7% for sudden deaths in patients taking quinidine or procainamide, compared with 6-4% in those not taking antiarrhythmic drugs, indicates that the relation between LVEF < 40% and sudden death may have been reinforced by the concomitant arrhythmogenic effect ofantiarrhythmic therapy in patients with low ejection fractions.
In the MILIS study 40 (7-5%) patients had both VE10 and a low LVEF.' This subgroup was older than the other subgroups of patients and contained 24% of all the sudden deaths. If, however, older patients are more likely than younger patients to have frequent ventricular extrasystoles and to have had a previous infarction (and thus low LVEFs) the predictive characteristics of these variables may have been different in the younger members of this high risk subgroup. In our study about 5% of young patients had a low LVEF and VE10 and this combination had a sensitivity of 44% and a positive predictive accuracy of 36%. We also found that the combination of VE10 and a depressed HRv and the combination of VElO with an LVEF < 40%, though they had similar predictive characteristics, identified different patients at high risk of sudden death (tables 3 and 4). Even more striking was that the combination of VEIO with either low HRv or an LVEF <40°% had a sensitivity of 75% and a positive predictive accuracy of 30% in young patients, and values of only 17% and 3% in the older group (table 5) .
Our results may reflect the inadequacies of present techniques. Thus even if all the sudden deaths were due to autonomic dysfunction, the degree to which depressed heart rate variability accurately reflects this dysfunction seems to decline with age. This may be due to a considerable age related divergence between the effects of autonomic dysfunction on the sinus node and on the electrophysiology of the myocardium.
Our findings may also be the result of a decline with age in the proportion of sudden deaths caused by autonomic dysfunction. indicate that it is not correct to assume physiological homogeneity in a postinfarction population. Such an approach will lead to young patients at higher risk of sudden death being overlooked and many older patients receiving inappropriate treatment.
LIMITATIONS OF THE STUDY
The dichotomy point of 60 years seems arbitrary and its physiological significance is unclear. It was chosen, however, because it provided nearly the same proportion of patients and the same rates of sudden death in each group. The relations between heart rate variability, frequency of ventricular extrasystoles, and sudden death remained significant even in patients younger than 55, among whom there was a sudden death rate of only 2-4%. Our use of VEIO as a prognostic variable was based on the results of previous studies,'2 but this variable may need to be refined: ventricular extrasystoles caused by increased sympathetic activity may have different prognostic implications from those triggered by increased wall stress. The LVEF may be refined by considering diastolic function and abnormalities of wall motion.
Only two of the 12 young and one of the seven older patients who died suddenly were taking # blockers but because # blocker therapy was uncontrolled its effect on our results is difficult to determine. The rates of sudden death may have been lower had more patients >60 received# blockers.33 The effect of thrombolytic therapy on our results and the effect of the difference in the proportion of young and old patients who had surgery or angioplasty is also unknown.
Nevertheless, we have shown that age influenced the prediction of sudden death after myocardial infarction based on autonomic function tests, left ventricular ejection fraction, and the frequency of ventricular extrasystoles. If confirmed, our findings could have significant implications for postinfarction risk stratification and management. 
